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N 1984, AFTER a significant period of planning and preparation, the WHO/ISBRA Multicenter Study of State and Trait Markers of Alcoholism was initiated. This study encompassed personnel and subjects from five clinical centers located in Sao Paulo (Brazil), Sydney (New South Wales, Australia), Helsinki (Finland), Montreal (Canada), and Sapporo (Japan). Also participating in this study were four diagnostic assay centers: Stockholm (Sweden), Denver, Colorado (USA), Indianapolis, Indiana (USA), and Helsinki (Finland). Additionally, a data repository center located at NIAAA in Bethesda, Maryland, provided for the study, data entry, data review, and certain analysis functions.
The symposium on the WHO/ISBRA collaborative project brought together individuals from the various clinical and diagnostic assay centers for an initial review of the data that have been gathered in this study. The collection of subjects was completed in spring 1999, and since that time, data have been collated and made available for analysis to the participating centers. Data on 1863 subjects from the five participating clinical centers are available for analysis. The available data include the following: sociodemographic information on the subjects; lifetime and past 30 day occurrence of medical conditions (which include quantity and frequency of prescription drug use during the last 7 days and during the last 30 days); beverage-specific frequency and quantity of drinking during the past 30 days and the period when the subject was drinking the most; symptoms experienced with various levels of drinking; information that allows for ICD-10 and DSM-IV diagnosis of alcohol abuse, dependence, and withdrawal syndromes; alcohol treatment history; alcoholism subtypes; history of smoking and illicit drug use; history of major depression and antisocial behavior; treatment for mental or emotional problems; and family history of alcohol problems or alcoholism, major depression, drug abuse and/or dependence, antisocial personality disorder, and other psychiatric disorders in the biological parents, siblings, aunts, uncles, and grandparents.
This information has been obtained with a structured interview instrument that was developed for this study in concert with development of the Alcohol Use Disorders and Associated Disabilities Interview Schedule by NIAAA. The instrument has been translated into Finnish, Japanese, French, German, and Portuguese for use by the various clinical centers involved in this study. Table 1 details some of the demographic variables that have been collected on the subjects. The values of the major data elements that appear in the WHO/ISBRA interview schedule range from a low of 0.55 for items such as DSM-IV diagnosis of marijuana dependence to values of 1.0 for family history of alcoholism in the biological mother. Values of 0.70 to 0.90 for 20 alcohol experiences in the respondent and values of 0.60 to 0.80 for DSM-IV and ICD-10 diagnosis of alcohol abuse and dependence have been determined.
The presentations at the symposium focused on some traditional and newly identified biochemical measures of acute alcohol consumption, and one presentation focused on platelet adenylyl cyclase activity, which seems to be both a state and a trait marker for alcoholism. Dr. Conigrave and her colleagues examined the value of carbohydrate-deficient transferrin (CDT) as a marker for excessive alcohol consumption in the subject population collected in the WHO/ISBRA Study of State/Trait Markers in Alcoholism. They examined various factors that may influence levels of CDT and the levels of liver enzymes, ␥-glutamyltransferase (GGT), and aspartate amino transferase (AST). Dr. Conigrave documented how drinking level, sex, age, body mass index, and country of recruitment affected the relationship between CDT and alcohol consumption. Dr. Conigrave and her colleagues reported that each marker (CDT, GGT, and AST) increased with increasing alcohol consumption. But, as reported previously, levels of CDT and GGT were only weakly correlated.
In men, the correlation between marker levels and alcohol consumption was strongest for CDT, followed by GGT and then AST. In contrast, in women, GGT was more strongly correlated with alcohol consumption than was CDT, which performed only slightly better than AST. A history of alcohol dependence at some stage in a subject's life did not significantly affect marker levels in drinkers who consumed up to 80 g/day. In the open-ended category of persons drinking 80 g or more ethanol per day, those with a history of dependence tended to have a higher marker level, but this may have simply reflected higher alcohol consumption.
In men, CDT was a significantly more accurate marker of heavy drinking (Ͼ90 g/day) than it was of less heavy drinking (50 -89 g/day) by receiver operating characteristic (ROC) analysis. CDT performed significantly less well in women than in men, whereas GGT had a comparable performance in men and in women. CDT was not found to be a significantly better marker than GGT as a single test of excessive alcohol consumption in this population.
The combined use of GGT and CDT was examined. As expected, the combination of the two tests, by using standard cutoff points and where a positive result in either test constitutes an overall positive result, was associated with increased sensitivity compared with either test alone, but with some loss of specificity. In men, the specificity fell below 70% for the combination of tests, whereas in women it remained above 80%.
Persons younger than 20 years (n ϭ 77) showed minimal association between CDT or GGT levels and alcohol consumption. In general, CDT, GGT, and AST marker levels all increased with age. High body mass index was associated with increased GGT levels, particularly in the highest alcohol consumption category. In contrast, CDT levels were not increased by obesity. There was a tendency for subjects recruited from Sapporo, Japan, to have lower CDT levels, whereas those recruited from Sao Paulo, Brazil, tended to have higher liver enzyme levels for any reported level of alcohol use. The overall analysis showed that CDT and GGT levels are affected by sex, age, and body mass index in addition to alcohol use.
The analysis did not reveal CDT as a significantly better single test of alcohol use than GGT; however, this analysis did not examine particular situations in which CDT potentially can offer greater advantage, such as in monitoring treatment progress in alcohol dependence or monitoring alcohol use in patients with a high prevalence of liver disease or other factors known to elevate GGT levels. The results showed that obesity can elevate GGT levels, although it does not increase CDT. The results also suggested a role for the combined use of CDT and GGT, although specificity inevitably will be reduced somewhat.
The reason for lower CDT levels in subjects from Japan was not clear and is worthy of further analysis. The higher liver enzyme levels in the Sao Paulo population conceivably could have been caused by a higher background prevalence of viral hepatitis, but this question also needs to be examined further.
THE EFFECT OF TOTAL BODY WATER ON CDT AS A MARKER FOR HARMFUL ALCOHOL CONSUMPTION

L. D. Martinez, A. Barón, A. Helander, K. Conigrave, B. Tabakoff, and the Members of the WHO/ISBRA Study Group
Mr. Martinez presented additional information about factors that influence the use of CDT as a measure of alcohol consumption and/or alcohol dependence. Mr. Martinez stressed the influence of body water on the diagnostic performance of CDT. It is well established that ethanol's volume of distribution is nearly equivalent to an individual's total body water (TBW) volume, and that sex, age, height, and weight are the primary determinants of an individual's TBW (Watson, 1989) Women have lower TBW due to their smaller stature and lower percentage of lean body mass. Thus, for any given quantity of alcohol consumed, women would be expected to achieve higher blood alcohol concentrations compared with men. Individual factor statistics for ANOVA analysis that compared models before and after TBW was accounted for are shown in Table 2 . The effect on CDT levels due to sex and age was lost when differences in TBW were taken into account and, instead, an interaction between CDT and TBW became evident (t ϭ Ϫ7.5, p Ͻ 0.001). Figure 1 shows the relationship between mean CDT levels and alcohol consumption by expressing CDT in concentration units or total CDT, which is adjusted for TBW a The percentages represent the percentage within each sex. For example, 6% (n ϭ 74) of the men and 5% (n ϭ 31) of the women are lifetime marijuana abusers.
by multiplying CDT by TBW. When men and women are compared, in Fig. 1a , CDT levels in non-alcohol-consuming and moderate-alcohol-consuming women were significantly higher compared with men. In contrast, if one adjusts CDT levels for TBW (Fig. 1b) , the difference in basal CDT·TBW level when men and women are compared is no longer evident. As consumption increases to a moderate level, CDT·TBW levels in men begin to increase, whereas CDT·TBW in women remains constant. At heavy consumption levels (Ͼ30 g/day), CDT·TBW levels in men are significantly higher than at baseline, whereas the levels in women are more modestly elevated (Fig. 1b) .
Using ROC analysis, Mr. Martinez and his colleagues examined the operating characteristics of CDT as a marker of alcohol consumption. CDT was expressed in terms of units per liter, or as CDT·TBW. Consumption thresholds that ranged from 30 to 80 g/day were tested. Across all drinking levels, ROC analysis returned a better sensitivity and specificity and a significantly larger area under the curve for men compared with women. Also apparent was that adjusting CDT values for individual differences in TBW improved the operating characteristics for women but not for men. In other words, in the female subjects, variations in TBW significantly impact the CDT alcoholdose response and may explain the poor operating characteristics observed in female subjects.
Mr. Martinez concluded that the effect of sex was influenced significantly by body water, particularly in women. Mr. Martinez stated that adjustment for TBW revealed a relationship between TBW and CDT that is dependent on an alcohol/ TBW interaction. Enhanced sensitivity of CDT when TBW is taken into account in women (while males remain constant) can be interpreted to mean that, for women, total body water changes secondary to alcohol consumption are a better predictor of elevated CDT than is alcohol consumption itself.
BIOCHEMICAL TESTS FOR ACUTE ALCOHOL CONSUMPTION: RESULTS OF THE WHO/ISBRA STUDY
A. Helander and Members of the WHO/ISBRA Study Group
Dr. Helander focused on the use and performance of several diagnostic tests that monitor the recency of alcohol intake. The markers of acute alcohol consumption examined by Dr. Helander and his group included the concentrations of methanol and ethanol in plasma and 5-hydroxytryptophol in urine (expressed as the ratio to 5-hydroxyindole-3-acetic acid, 5HTOL/5HIAA). No marked differences in the baseline urinary 5HTOL/5HIAA ratio was observed in the nondrinkers recruited at the five clinical centers and, therefore, Dr. Helander used the accepted cutoff of 15 pmol/nmol across the study population. The subjects in the study were classified into one of four categories, as described earlier (Helander et al., Within the four categories of drinkers, a large number of individuals reported that they consumed no ethanol during the last 24 or more hours. However, a low number of those classified as nondrinkers still showed positive test results with the short-term alcohol intake markers, although no alcohol intake was reported by these individuals. Accordingly, 6 (1.4%) showed the presence of low levels of ethanol in plasma (range 1-9 mmol/liter; median 2.5), 22 (5.3%) showed a positive 5HTOL/5HIAA ratio (range 16 -220 pmol/nmol; median 42), and 12 (3.0%) showed a methanol concentration that exceeded 65 mol/liter.
In the light/moderate drinkers who reported no alcohol intake in the last 24 or more hours, 25 (3.7%) showed the presence of ethanol in plasma (range 1-18 mmol/liter; median 1), 69 (10.1%) showed a positive urinary 5HTOL/ 5HIAA ratio (range 15-725 pmol/nmol; median 26), and 41 (7.3%) showed an elevated methanol concentration in plasma (range 66 -319 mol/liter; median 94).
In the heavy drinkers, 45 (13.9%) showed the presence of ethanol in plasma (range 1-44 mmol/liter; median 8), 129 (38.7%) showed a positive urinary 5HTOL/5HIAA ratio (range 15-1671 pmol/nmol; median 83), and 66 (21.7%) showed an elevated methanol concentration in plasma (range 66 -1017 mol/liter; median 146).
In those classified as alcohol dependent (some of whom were undergoing treatment at the time of sampling), 19 (6.1%) showed the presence of ethanol in plasma (range 1-35 mmol/liter; median 4), 82 (25.2%) showed a positive urinary 5HTOL/5HIAA ratio (range 15-792 pmol/nmol; median 27), and 36 (13.3%) showed an elevated methanol concentration in plasma (range 67-1130 mol/liter; median 163).
In those who reported any alcohol intake within 12 hr before sampling, 25.8% showed the presence of ethanol (range 1-34 mmol/liter; median 11.5), 56% showed a positive urinary 5HTOL/5HIAA ratio (range 15-1492 pmol/nmol; median 165), and 41.7% showed an elevated methanol concentration (range 66 -1130 mol/liter; median 163). In those who admitted drinking between 12 and 24 hr before sampling, 8.1% showed the presence of ethanol, 31.6% had a positive 5HTOL/ 5HIAA ratio, and 16.1% had an elevated methanol level.
Also, in those who denied any intake of alcohol within the last 48 hr, several subjects showed abnormal test results with the markers of acute alcohol intake. The urinary 5HTOL/ 5HIAA ratio was the most, and ethanol the least, sensitive test.
In all five clinical center populations, the test of acute alcohol consumption performed quite similarly, with the urinary 5HTOL/5HIAA ratio being most sensitive. Accordingly, the sensitivity for any drinking within the last 24 hr according to self-reports ranged between 23% and 57% (mean 41%) for the urinary 5HTOL/5HIAA ratio, 16% and 29% (mean 24%) for methanol in plasma, and 0% and 24% (mean 12%) for ethanol in plasma.
PLATELET ADENYLYL CYCLASE ACTIVITY AS A TRAIT MARKER OF ALCOHOL DEPENDENCE
P. L. Hoffman, J. Glanz, L. D. Martinez, and the Members of the WHO/ISBRA Study Group
Dr. Hoffman discussed the use of platelet adenylyl cyclase activity as either a state or a trait marker or marker of alcohol use and/or alcohol dependence. Adenylyl cyclase activity in platelets and other blood cells has been shown in a number of studies to be lower in alcohol-dependent individuals than in control subjects (Diamond et al., 1987; Tabakoff et al., 1988; Waltman et al., 1993) . To further assess the validity of low platelet adenylyl cyclase activity as a trait and/or state marker for alcoholism, Dr. Hoffman and her group analyzed the platelet adenylyl cyclase activity in the subjects recruited for the WHO/ISBRA Multicenter Study on State and Trait Markers of Alcoholism. When the total data set from all the centers associated with the WHO/ISBRA study was analyzed, no significant difference in platelet adenylyl cyclase activity between alcohol-dependent and nondependent subjects was noted. The analysis, however, noted that all measured platelet adenylyl cyclase activities (basal, fluoride-stimulated, guanine nucleotide-stimulated, forskolin-stimulated) tended to be higher in recent drinkers than in abstinent individuals. On the other hand, even after this factor seemed to be accounted for by analyzing data from individuals who reported 7 days of abstinence before testing, activity was not significantly lower in platelets of alcohol-dependent individuals in this sample.
Dr. Hoffman indicated that there are a number of possible explanations for this finding. Statistical analysis revealed, for instance, that there was a significant influence of site on the results. One can consider that the self-report of abstinence may be more or less reliable in different sites (see presentation by Dr. Helander), and/or that in some populations or individuals, the duration of abstinence may need to be longer than in others to observe lower adenylyl cyclase activity in alcohol-dependent subjects. Recent analysis suggested that adenylyl cyclase activity may continue to decrease for as long as 21 days after cessation of heavy drinking in some individuals. Furthermore, the initial analysis was carried out by using DSM-IV criteria for alcohol dependence, without further characterizing possible subtypes of alcoholism. If low platelet adenylyl cyclase is associated with particular subtypes of alcoholism, and if the proportion of these subtypes differs among the sites, the results could be confounded. Various other factors, which include (but are not limited to) drug use, type of alcohol used, sex, and family history of alcoholism, may differ among sites and influence the results. Therefore, Dr. Hoffman stated that it will be necessary to perform further analyses on the combined data, as well as on the data from the individual sites, to determine whether platelet adenylyl cyclase activity is a widely applicable trait marker for alcohol dependence.
Investigators from the Collaborative Study on the Genetics of Alcoholism (COGA) previously reported an association between a phenotype for severity of alcoholism and a microsatellite marker, on chromosome 16 (Foroud et al., 1998) . The gene for a particular adenylyl cyclase isoform, Type IX (AC9), is localized within the same region of chromosome 16 as the microsatellite marker (Hacker et al., 1998) . Because AC9 is a very widely expressed isoform of adenylyl cyclase (Premont et al., 1996) , it is likely to be present in platelets and other blood cells. Dr. Hoffman and her group searched for polymorphisms in the gene for AC9 to determine associations with the phenotype of alcohol dependence. A polymorphic trinucleotide repeat sequence was found in an intron of the AC9 gene. Subjects (n ϭ 408) from the WHO/ISBRA study then were genotyped for this polymorphism. An AC9 genotype was associated (p Ͻ 0.06) with the DSM-IV diagnosis of alcohol dependence. The allele that appeared to be associated with the diagnosis of alcoholism contained eight repeats of the trinucleotide sequence. It has yet to be determined whether this intronic polymorphism affects the function of adenylyl cyclase, that is, adenylyl cyclase activity in platelets. However, the association between the genetic polymorphism and the diagnosis of alcohol dependence is intriguing when one considers that the subjects were classified only on the basis of DSM-IV criteria but were not yet classified by subtypes of alcoholism such as severity and comorbidity. It is important to reiterate that the association found in the Collaborative Study on the Genetics of Alcoholism was with the phenotype of severity of alcoholism and not simply of alcohol dependence (Foroud et al., 1998) .
To date, results indicate that, in some settings, platelet adenylyl cyclase activity may represent a trait marker for a predisposition to alcoholism. In all settings, however, platelet adenylyl cyclase activity is elevated by recent heavy alcohol consumption. The WHO/ISBRA database contains many measures of alcohol intake and other characteristics of the subject, which include information on genotypes. Dr. Hoffman stated that further studies will be pursued, by using this information, to generate a more definitive analysis of the utility of platelet adenylyl cyclase activity as a trait marker for alcoholism in various populations.
In conclusion, the symposium on the progress of the WHO/ISBRA Multicenter Study on State and Trait Markers of Alcoholism produced an intriguing initial look at data gathered in the first worldwide study on the early identification of individuals at risk for developing alcohol dependence. The development of reliable and valid markers to assess the level and frequency of alcohol intake and genetic markers that indicate predisposition to alcoholism would increase the prospect of developing favorable treatment modalities and reducing health care costs. Further analysis of the large volume of data collected in this study will continue to generate valuable information.
